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(57) A scalable switch matrix and demodulator bank 
architecture for satellite payload processor wherein the 
demodulators (44; 1 4) are connected to the output ports 
of the switches (42; 24) as the data load on the uplink 
beams varies. The switch matrix includes a first switch 
layer (40; 10) for receiving the uplink transmission 
beams and a plurality of demodulators (44; 1 4) connect- 
ed to the output parts of the first switch layer {40; 10). 



The number of demodulators (44) is limited by the 
number of active uplink sub-bands which is generally 
lass than the number of sub-bands per beam times the 
number of transmission beams. Thus, only a relatively 
few number of demodulators (44) are distributed among 
the uplink transmission beams as required. This results 
In a readily scaleable architecture having higher demod- 
ulation utilization rates than dedicated demodulation ar- 
chitectures. 
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ABSTRACT 

This paper introduces the design of b personal satellite 
communications system thai should be available in early 
decade of the next century 

Id this system, an onboard processor plays an important 
role and its performance directly determines such features as 
the switch capacity and connection processing speed. In this 
paper, functional and performance requirements of the onboard 
processor are described with several effective architectural 
methods required in realizing such a performance. A trial 
model in which these features will be evaluated, Is also de- 
scribed. 

i tiNrrRODU(!-nON 

Personalization is the most important trend in the design 
of communications systems, and this has led to proposals for 
a personal satellite communications system using miUimeler- 
wave frequency bands! I 112], 

The combtattion of miWrnctcr-wave bands and an onboard 
processor with baseband switching promises to meet the re- 
quirements of personal communications systems: portability, 
tow cost and large capacity. Figure l shows the schematic 
configuration of a transponder for millimeter-wave satellite 
communications* The Space Communications Research 
Corporation (SGR> has developed millimeter-wave compo- 
nents such as a 50 GHz LNA and a 40 GHz TWTA, and an 
onboard processor with baseband switching. These technolo- 
gies promise to enhance the performance of |be previously 
proposed system. They should contribute to the key concepts 
of personalization, portability and low cost, by making earth 
stations smaller and simpler, and by greatly increasing their 
user-capacity 

Since the onboard processor will play an important role in 
this system, we have paid special attention to its design and 
development. A trial model which uses digital signal process* 
ing techniques and a new switching architecture has been con- 
structed and evaluated. 
0-7803-095a^9943.D^Olog3l£EE 



ipirfr sfiOMffut oMMFnmxsscn wools rxwtr 




Fig. 1 Schematic configuration oF transponder for millimeter- 
wave personal satellite communications system 



2.fr1Afl*fl£ATtIR£S 

In this system, user access the satellite using portable 
hand-held stations, allowing communications to be carried Out 
at any time, anywhere. 

AddiD'onaUy, the data rate is 64 kb/s per channel, offering 
a broad range of convenient and low*cost services, including 
video, data transmits** like ISDN, for mobile use and in 
rural areas. In this way, the future personal satellite comrnum- 
carlons system promises to be a power rul competitor of ter- 
restrial commury cations systems. 

Table 1 shows the design targets for future personal satel- 
lite communications system. 

2.1 Multinteft Scheme 

A souabte multiplex scheme for the oplink and downlink 
can be chosen by having onboard baseband switching. By 
using SCPC-FDMA for too uplink and TDM scheme for the 
downlink, lha power amplifiers are used effectively up to oVir 
sawraiion level in both links. Additionally, since an SCPC- 
FDMA uplink docs not require a very high G1RP and exact 
QTOismtssion timing adjustment, as do uplinks in TDMA sys- 
tems, portable etnh stations become feasible. 
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Table 1 Parameters of future personal satellite 
communications system 

Frequency (op / dawn) 50/ 40 GHz 

Multiple* scheme (up / down) SCPC-FDMA/TDM 
Transmission rate (up / down) 144 kHz / 18.577 MHi 
Number of mnJtibeams >30 
Number of channels per beam (uplink) 

1 02 channels (RF channels) 

- Conmnmlcation channel 100 

- Control channel 1 

- Packet conraunication channel l 
Number of channels per beam {downlink) 

12S channel* (Slots/frame) 

- Communication channel I DO 

- Control channel i 

- Packet eomrmuiicaricn channel 

/ Network control, etc. 25 

- Frame synchronization 2 
Modulation scheme QPSJC / OMSK 
User data raze 64 kbft 
Satellite TX output power 60 W 
Satellite RX noise figure 3 dB 
Satellite tmenna diameter (up / Down) Zm/lSm 



11 User Daa Raw 

To manufacture soelEtes at low cost and to make the most 
efficient use of (be channels, it is but to unify the user data 
rate. A rate of 64- kb/s with 8 kHz structural fmegrity, which 
can transmit ISDN B-ehannel is chosen. The data tale of 64 
kb/s will be one of the advantages of this system, compared 
with terrestrial mobile cam muni cations system*. Especially, 
64 kb/s video transmission is considered to be very promising 
for new applications, such as portable TV phones. 

The actual data rate between earth rations will be 72 kb& 
because one bil wilt be added to every block of B bits. The 
added bits can also be used far synchronization between the 
earth stations, and for detecting errors caused by "slip." The 
added bit pattern will be an alternating series of ones and 



2.3 Satellite Antennas 

Presently, a 2.5 m diameter antenna for transmimng and a 
2 m diameter antenna for receiving are planned. These anten- 
nas have a peamwldm of about 0.2 degrees and can cover the 
Japanese mam island with more than 30 multibeams. 

2.4 Onboard Switching V Call Proc«sin g fon ft HH' 

and Ukt Capacity 

The user capacity of the satellite can be improved through 
efficient drniaod assignment by baseband switching. 

Arsummg that an average number of calls per day is 4 
raser, busy boor calls arc 1/10 of that and that an average call 
duration is 1.5 minutes, the average busy hour traffic is 0.01 
cnVUscc Assuming the blocking probability of 0.03 and that 



there are 100 channel* assigned to each beam, the number of 
potential users per beam wilt be mote than 9000. One sutct* 
lite equipped with 3000 channels can serve mere than 370,000 
users* 

ActfdanaJly, considering traffic condition mentioned 
above, ibe average number of busy hour calls originated in a 
beam u leas than t Aec. However, considering short-time 
variations in the number of originated calls, the mwtimum 
number is assumed to be 5 calls/tec. Tbcisfbre the call pro- 
cessing capacity for all 30 beams should be mote than 150 
calli&cc. 

2,5 Eanft Simian 

Figure 2 shows how the unevailabiiily varies according to 
the diameter of the earth station antenna. At present, from the 
viewpoint of availability it is assumed mat the antenna sizes 
of earth stations can be classified into three types, according 
(o the requirements of the users. 

-Type 1: Availability 97-98 %. A user can use on earth sta- 
tion with a small aperture such as 7 x 7 cm. They offer a 
level of portability that cannot be provided by eonventionaJ 
satellite communications systems, but will not have enoigh 
margin to be used in the rain. 

-Type 2z Availability 99-99.7 %w If a user needs higher 
availability in the rain, be can use an earth station with a larg- 
er aperture such as 30 cm diameter. Such earth stations will 
offer enough amiability for personal *sg, 

-TVpe 3; Availability 99*8-99.9 %> If a user needs hi avail- 
ability as high as the present Ku-band VSATV. he can use an 
even larger aperture earth station such as 1.2 m diameter. 

The output power of type 2 and 3 earth stations should he 
controlled so as to minimize the Interference between beams 
or between adjacent channels. 
0.1 



0j01 - 




0 001 _ 

0 50 100 150 200 

Antenna dlamBter(rnrn) 

Fig. 2 Unavailability and rain margin versus antenna diameter 



3 ONBQABP PKOCfiSfiOR 

The onboard processor shown schemadcairy in Figure 3 
was designed specifically for fumrc persona) satellite commu- 
nications systems. This consists of a demodulator unit and a 
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switch dbIl A trial model or the onboard processor has al- 
ready been miowfttctinvdr 



Sihit 



ewwnrr •uauNC output 




Rg- 3 Coidiguration of onboard processor 

3,JJP«nodulao"rJJrtt 

The number of inputs to the demodulator unit is one sig- 
nal per bcoxn, or 30 Life* in total. Each input is a 340 MHz 
imemtecfeie frequency signal which has 102 FDM multi- 
plexed 5CPC signals internally. A total of 3060 SCPC sig- 
nals from all 30 beams are demultiplexed and demodulated, 
and ontpat in parallel to the switch ami as 3060 baseband sijj- 

We propose using digital demodulation methods so as to 
benefit from the power and weight reductions expected in the 
future through the use of ASIC technology. Some demodula- 
tion methods using digital signal processing have already been 
proposed [3U4][5]|6|[71. md a group frequency dcmalriojeker 
using FFT and a per-cfaenncJ demodulator have been applied 
for this onboard processorfttl]. 

Figure 4 shows a block diagram of the group demultiplex 
ex. in which 102 FDM-muloplexed SCPC signals are demul- 
tiplexed into their respective channels, which arc simultane- 
ously convened to baseband signals with carrier frequencies 
dose to zero. As a trial model, (6 channel group demultiplex- 
er has been made with a sampling rate oft.6 MH* with and a 
frequency spacing of 1 00 kHz. To realize a 100 channel group 
demultiplexer with a frequency spacing of ISO kHz, devices 
with a sampling rate of nearly 20 MHx are needed. 

In per-channcl demodulators, an adaptive rate-conversion 
(ARC) filter^) converts the sampling me of 100 kHz directly 
into a lymbol rate of 64 Vfaaud. The algorithm for detecting 
clock timing errors is based on a double sampling method! 4) 
and carrier recovery is achieved by the Coslas crossover loop. 
Additionally, since the burst mode demodulator requires a fest 



carrier acquisition, the beaOess pull-in PLL is ustdPl 

RXi? JUOCCW HKH.TCR FFT toPE*i 



^BleHHleiWJ! 



t 



: 

m 



>-B-ElJJ 

Hg. 4 Block diagram of the group frequency gcmula'plcicr 



: 

Jn*M 



The switch unit consists of a drcuii switch section and a 
Switching control section* The circuit switch section carries 
out circuit switching based on m formation stored in routing 
pattern memories. The switching control section is mainly re- 
sponsible for reception, analysis and transmission of the con- 
trol data* and channel management, 

SCR has developed a new switching architecture with ad- 
dress gates that can simultaneously synchronize, route, and 
multiplex a number of input signals. This architecture satis- 
fies the functions and channel ctpadty required of rhe system 
in a simple configuration! 8)- 




Pig. 5 Block diagram of the switch unit 
A block diagram of the switch unit Is shown In Figure 5. 
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The input serial channel data from ihc demodulator is convert- 
ed to 9-bit parallel data, stored in «n elastic buffer, and output 
ta ihc buslines through rhc address sales. One unf r of 9*bits 
data it the handling unit in this switch and a unique character* 
istic of this onboard processor. Each address gate turns on at 
the appointed timing according to the routing data. This get* 
ing t* done in correspondence with die data rate of the busline 
on which more thin 1000 channels are tirne*<uvision multi- 
plexed. The data on che buslines is then Attributed to each 
downlfnk TDM data, stream by the DEMUXs. and sent to the 
modulators. The data in any input channel can be rawed to 
any time slot of any downlink TDM data stream, and can also 
be easily routed to two or more time slots. The borer means 1 
to N connections can be available easily. Dynamic routing ceo 
be curried out by changing the data In ihc routing memories. 

In our secondary trials, we have manufactured custom- 
made ASTCs of a 64-lnput channel switch anil including S/P 
converters, clastic buffers, and address gates in a 24 Jc gaze- 
array. T*o snch ASICs are equipped hi a single switch board. 
Therefore* 30 of these switch boards can handle a switching 
caparftyof3000chjmfiel$ 

4. DEMAND ASSIGNMENT CONTROL 

The onboard processor is responsible for assigning com- 
munkMTion channel numbers by controlling the earth station 
cUrecdy. It is rfeus Important to develop a demand assignment 
control procedure which esubtishesAeteases connections be- 
tween earth stations Smoothly and makes full use of the 
transponder capability. Tt is assumed that the basic procedure 
is as shown in Figure 6. 

The location registration procedure shown in Figure 6 is 
carried out when an earth station is powered on, or during an 
idle phase In communications when the earth station moves 
from one beam to another. (The beam utfanrunion for location 
registration request* is transmitted from the satellite at con- 
stant intervals of less than 1 second.) After receiving a re- 
quest, the satellite registers the beam number associated with 
the earth station in the user ID management memory* In this 
way, rhe satellite only needs lo trauwnit paging packets to the 
downtink beam associated wldi the destination users. 

4,1 Control Channel AMgnmcnt and Control Jaiajftwmai 

Control signals are transmitted in the exclusive FDM 
channel in the uplink, and exclusive TDM time slots in the 
downlink. These are used by all the earth stations tor setting 
up or for releasing channels. The proposed control data format 
is shown in Figure ?. The control data length wiQ be about 
16 bytes. By hadudmg a preamble for carrier and clock recov- 
ery unique word (UW) and cyclic redundancy check {CRQ 
bits for error detection, the total length will be about 60 
bytes. The header of the data format identities the nature of the 
received data. AM the information required in the block, such 
a& a destiruuioTHrp channel, origination down<hannel and so 
on. is clarified according to the set-up procedure shown in 
Figure 6. After the earth stations receive this information. 



chey can set up the communication channels and uan commu- 
nication. When earth stations request communication channel 
release, they transmit the same information with different 
header jnTuiui&tion. 




Fig. 6 Basic procedure 
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Rg. 7 Control data format 

The demand assignment efficiency mainly depends on the 
control channel access scheme and the processor's perfor- 
mance. These items are described in the following sections. 
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4.2 Control Channel Access Scheme 

The transmission of the control signals to ibe downlink is 
perfectly controlled by the onboard processor However, in the 
uplink, signal collisions may occur because the control sig- 
nals from earth stations are transmitted randomly- Generally, 
pure- or slotted- Aloha, schemes are effective in systems such 
as this, tarring a comparatively large nnmber of users, but 
enrnparadvery linie traffic to each usee 

In this system, control signals in the uplink are classified 
nrto randomly originated signal*, such a* *et-np requests, and 
response signals, such as set up responses, which reply to 
downlink signals form the satellite such as paging signals. If 
either of the two schemes mentioned above is used for this 
system, collisions may occur randomly regardless of the sig- 
nal's nature. Therefore, such schemes will have a serious ef- 
fect on the connccdon delay time. Wc have thus studied a 
unique control channel access scheme to improve the delay 
lime. 

In this scheme, irptink control signals are transmitted in 
classified and pre-assigned dm* slots, as shown in Figure 8, 
assuming the maximum race of call origination is 150 
calls/sec. This assignment avoids collisions between random 
signals from originators, such as set-up requests and response 
signals from called users such as paging responses. 
Additionally; by controlling the transmission riming of down 
link signals to called users, such as paging signals, collisions 
of their response'' signals can also be avoided. Consequently, 
the slotted- Aloha scheme is used only for randomly generated 
signals. Compared with pure* or sloned-AJoha schemes, ibe 
number of retransmissions from earth stations will be less and 
the connection delay performance will be improved. 
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A 1 Pmftftcnw Airtti«etti« 

In addition to the control channel access scheme, me quali- 
ty of the control packets depend on the processor's perfor- 
manco. In this system, processors in the switching control 
section of the switch unit perform such functions as control 
packet reception, data analysis, tonmtnng/trftasmlislan and 
switch pattern setting. 

One of the most important requirements of the processor 
is call processing capacity. If the earth stations transmit ac- 
cording to the slot altocaoon scheme shown as Figure 8, the 
maximum number of control packets arriving at the smelKre 
will exceed 1000 packets/sec, hi order to process snch large 
amount of data, a multi-processor architecture is being inves- 
tigated 

Figure 9 shows the proposed processor architecture. 
Downlink packets formatted by processors are memorized on 
classified memories in the packet IX controller according to 
nature of packets, and these are transmitted Co the switch unit 
according to the transmission riming shown as Figure 8. In 
order to allocate each received packet to the appropriate proces- 
sor while keeping their load ratios almost equal, the first con-- 
trot packet to be received In setting up process* namely set-up 
requests, are distributed evenly among the processors. 
Subseqneni packets in the same coll process are allocated to 
the same processor so as to facilitate the process data manage* 
rnenL A process number, which is assigned to each call, is 
used us perform this allocation, and is written in the header of 
the packet In the procewor, such processes will be made in 
the tame manner as with a single processor, except for the 
channel resource nranagernenu Acconiingiy. it is important in 
find the best channel resource management. 
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Fig. 9 Configuration of the processor arc hi lecture 
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4 4 Chumtti P«ft.irr» Management 

Since the onboard switch has full connectivUy, die channel 
resources to be managed aft the SCPC channel number and 
the TDM slot number of the uplink and downlink, respective- 
ly. For a mvtn-pcocessor architecture, there arc two channel 
resource management methods involving either locally dis- 
tributed memory or centralized memory. The former requires 
intiT-processor communicaiiaris and the latter requires proces- 
sor-memory communications. Due to the simplicity or its 
configuration and ihe high processor speed, the centralized 
memory method ii prc&iBbln. 

Ftgme 10 shows the configuration of the channel manage- 
ment controller, which consists of n set of channel memories 
niMi a memory control circuit- The up- or down- channel num- 
bers allocated to each beam are stored in a corresponding 
memory cell (channel memory beam #i, up or down) which 
is used as a FIFO (ftrst-in / firsr-ooi) memory; 

The memories am first initialized with 100 channel num- 
bers for each uplink memory and 128 channel numbers for 
each downlink memory. When a processor requests a channel 
this section outputs a channel number which is placed ac the 
top of the FIFO memory corresponding to the beam and its 
ummissian direction (up or down), and sends the correspond- 
ing switch control pattern to the rirrai I Switch section. 

When the comma nication channels are released, channel 
numbers are renamed from the processors to the channel man- 
agement control circuit by supplying the beam number, direc- 
tion and channel number. The management circuit places the 
relumed number at die end of the corresponding FIFO and 
sends the switch control pattern to the switch section to close 
the call- 
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Fig. 10 Configuration of channel ntanaeement controller 

S SECOND TRtAL MODEL 

At present. SCR is manufacturing a second trial model, 
mainly with a view to study the demand assignment control 
system* we have now finished manufacturing the switching 
controller, and are now developing the software for the call as- 
labtishmeiK protocol- TaWc 2 shows ihe requirements of this 
model, which should allow us to evaluate the design concepts 



described earner, Ii bos an input line with Id SCPC channels, 
allowing us to confirm the fundamental function and perform 
mance of the oVrnultipk^erAkriiodulalor. In the switch anil, a 
384. x 3000 switching capability is provided, and the call es- 
tablishment protocol Is realized in software implemented in 
the design. The multiprocessor architecture is included by 
using two miero^roressors. 

Table 2 Requirements of the second trial model 



140 MHz SCPC/FDMA (I line) 
8. 257 Mb/s (30 lines) 



Address gate scheme (ASIC) 
3B4 x 3400 (with 4 ASICs) 



Input signal 
Output signal 
Switching 
Method 
Switch size 
Connection control 
ControlAtccess scheme Prc-assigned &)ctic4-Aloha and 

transmission control by satellite 
Can processmg capacity > 150 calfe/sec 
Processor configuration 
Kfethod MoWimicelSOr 
Number of processors 2 
Channel management 
Control method Central memory 



In this paper, the concept of a future personal satellite 
cornmunicalions system has been proposed. This will be real- 
ized by using the onboard processor with baseband switching 
that SCR has been designing and developing. 

The onboard Switch plays an important role in this mil- 
limeter- wave personal communications system, and its perfor- 
mance will directly determine such feature as the switch capac- 
ity and the connection processing speed. Then, an effective ar- 
chitectural method for realizing such performance has been 

pTDpOSC^L 

SCR is currently developing the software for the caJI es- 
tablishment protocol of the second trial model Once this has 
been finished, we win be ready to evaluate the entire system, 
including the call processing performance. The technologies 
used in these trial models should contribute to future R&D 
satellite programs in Japan, 
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